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STIMULATORS AND STIMULATING COILS
FOR MAGNETICALLY STIMULATING
NEURO-MUSCULAR TISSUE

FIELD OF THE INVENTION

The present invention relates to stimulators including
stimulating coils constructed and mtended for the magnetic
stimulation of neuro-muscular tissue by inducing electric
currents 1n such tissue

BACKGROUND OF THE INVENTION

Stimulating apparatus of the kind mentioned commonly
includes means for applying at least one current pulse and
preferably a series of current pulses to a coil, which may be
a simple circular coil, or a figure of eight coil or be a coil
with a plurality of turns forming the pulse generating

apparatus for use with such a coil 1s well known and 1s
described for example 1n GB Patent number 2298370 and
European Patent EP-0692993.

It 1s customary practice to wind stimulating coils as a
single layer on or in a non magnetic support so that all the
coll can be disposed as closely as possible to the tissue that
1s to be stimulated. The coil 1s 1n essence apart from any
insulating coating which 1s normally required owing to the
higch voltages and currents disposed 1n air, so that the
magnetic field produced when current flows through the coil
1s all 1n a region of high reluctance.

SUMMARY OF THE INVENTION

The present mvention 1s based on the provision of a body
of ferromagnetic material, preferably highly permeable low
reluctance material, disposed adjacent one broad side of the
coll, 1.e. the rear of the coil The material of the body 1is
preferably selected to provide a highly permeable block with
low eddy current loss, and may comprise sintered iron
powder.

Reference will be made heremnafter to the accompanying,
drawings, 1n which

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic drawing of a magnetic stimulator.

FIG. 2 1s an 1llustration of a stimulating coil and its
magnetic field.

FIG. 3 1s a drawing of a stimulating coil provided with a
magnetic back according to the mvention.

FIG. 4 1s drawing of another embodiment of a stimulated
coll provided with a magnetic back according to the 1nven-
tion.

DESCRIPTION OF A PREFERRED
EMBODIMENT

FIG. 1 1llustrates for the sake of completeness a known
form of magnetic stimulator which produces a pulse or a
serics of pulses through a magnetic coill known as the
stimulating coil, for use 1n the stimulation of neuro-muscular
fissue. The time-varying magnetic field, having a maximum
value typically up to several Teslas, induces electric currents
in the tissue Neuro-muscular stimulation 1s an established
form of therapy.

The stimulator shown i FIG. 1 corresponds to one
embodiment described mm U.S. Pat. No. 5,766,124 1ssued
Jun. 30, 1998 to Polson and commonly assigned herewith. It
1s based on the accumulation of charge by a reservoir
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capacitor, the pumping of charge from this reservoir capaci-
tor to a transfer capacitor and a charge pump for transferring
charge from this transfer capacitor to a “discharge” capaci-
tor. The switching circuit associated with the discharge
capacitor can operate substantially independently of the rate
of charging of the reservoir capacitor.

More particularly a high voltage power supply 1 provides
a charging current to reservoir capacitor 2. Conduction of a
conftrolled rectifier 3 1n circuit with an inductor 4 transfers
charge from the capacitor to a transfer capacitor 5. A free
wheeling diode 6 1s disposed 1n parallel with the capacitor 5
to conduct reverse current generated when the rectifier 3 1s
turned off. Charge may be transferred from the transfer
capacitor 5 to a discharge capacitor 9 by means of a
controlled rectifier circuit 8 which comprises controlled
rectifiers 8a to 8d. Capacitor 9 1s controllably discharged by
means of rectifier circuit 10, composed of controlled recti-
fiers 10a to 10d, 1nto a stimulating coil 11 normally provided
with an earth connection 12.

As previously mentioned, the stimulating coils are nor-
mally wound as a single layer on or in a non-magnetic
support, so that all the conductors can be as close as possible
to the tissue which 1s to be stimulated FIG. 2 shows a cross
section of a typical coil 11 and the magnetic field lines 12
assoclated with 1t. The magnetic field lines are symmetrical
about both the axis and the plane of the coil windings.

If a member of ferromagnetic material 1s placed behind
the coil, shown 1n FIG. 3, the magnetic field 1s distorted and
in particular 1s now asymmetric about the plane of the coil
The effect of the ferromagnetic material 1s preferably to
provide a low reluctance path for the magnetic field at the
back of the coil. Very little of the energy supplied by the
magnetic stimulator need be used to drive the magnetic field
at the back of the coil so that the bulk of the energy supplied
to the coil may be employed to establish the magnetic field
on the other side of the coil. The end result 1s that for the
same supplied energy the magnetic field strength 1s higher in
the patient’s tissue.

FIG. 3 1illustrates a coil 11 with a magnetic back 13
disposed so that substantially all the coil can be brought into
close proximity with a patient but the region at the back of
the coil 1s occupied by ferromagnetic material, which 1is
preferably highly permeable with low eddy current loss.

FIG. 4 1llustrates a slightly different arrangement 1n which
the coil 11 1s disposed 1n slots 1n one broad face of the body
14 of ferromagnetic material.

Other configurations are possible. The ferromagnetic
body may be extended or chamfiered to provide a bowl like
shape. The whole of the patient’s side of the structure could
be bowl shaped and accommodate a slightly recessed pan-
cake coil. The coil may be 1n a figure of eight form disposed
closely adjacent the body of ferromagnetic material.

The optimum choice for the ferromagnetic material of the
body 1s not necessarily straight forward, because many
ferromagnetic materials have quite high electrical conduc-
fivity. If a homogeneous member of such a material were
used, there would be power loss 1n eddy currents mduced
within the ferromagnetic core and those eddy currents could
nullify any efficiency gain obtained by lowering the reluc-
tance of the magnetic circuit. The traditional method of
reducing eddy currents, i other contexts, 1s to form a
magnetic core from a multiplicity of laminations. In the
present case the laminations would have to be arranged
radially, which 1s not particularly convenient.

Preferably therefore the material of body 13 or 14 1s
composed of a compressed and sintered powder. The powder
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may be substantially pure iron but could be another material
which in the preferred form has a high permeability (for
example 500 relative to air). The preferred material for the
core 1S a soft magnetic composite powder such as that sold
as “Somaloy”, available from Hoganas.

Other materials may be employed. Preferably the perme-
ability 1s at least 10 and the bulk resistivity should be such
that for a stimulating frequency of 50 Hz, and a mark:space
ratio of 1:80 the eddy current loss i1s of the order of 12.5
walftts per kilogram.

The provision of a magnetic back for a coil 1n accordance
with the mvention does not require any significant redesign
of the coil. The back may be disposed adjacent the rear side
of presently known coils.

The cross sectional area of the ferromagnetic back 1s not
constrained by the size of the coil, as would be the case it
the coil were wound round the ferromagnetic core. The
thickness of the member can be increased as necessary to
avold attainment of saturation.

The presence of the ferromagnetic material increases the
self 1nductance of the coil. For a given geometry this
provides the opportunity to employ fewer turns in the coil
with a larger cross sectional area. Thereby the electrical
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resistance of the coil may be reduced and that reduction
reduces the loss of energy 1n the coil.

What 1s claimed 1s:

1. A magnetic stimulator for neuro-muscular tissue, com-
prising:

a stimulating coil having a front and a rear;

a storage capacitor;

a circuit for repeatedly discharging said capacitor into
said coil; and

a ferromagnetic back disposed adjacent the rear of the coil
so as to be at the back of the coil when the coil 1s
disposed adjacent a patient,

wherein said ferromagnetic back 1s a homogeneous mem-
ber comprising sintered iron powder having a relative
permeability greater than ten and a high bulk resistivity
and said coil 1s disposed 1n recesses formed 1n a front
portion of the ferromagnetic back.

2. A stimulator according to claim 1, wherein said ferro-

magnetic back has a bulk resistivity such that for a stimu-

»g lating frequency of 50 Hertz and a mark to space ratio of

1:80 1 a current through said coil, eddy current loss 1n said
back 1s less than 15 watts per kilogram.
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